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METHOD FOR REDUCING OBSTRUCTIVE HYDROCEPHALUS 

Field of the Invention 

The invention relates to use of pharmacologic agents in reducing CSF 

flow blockage. In particular, the invention relates to use of clot-reducing 

5 agents for reduction of obstructive hydrocephalus. 

Background of the Inventioii 

lin * Obstructive hydrocephalus is defined as a pathology that results firom 

Q 

obstruction of the flow of cerebrospinal fluid (CSF). The consequence of such 
1^ obstruction can be an increase in space occiq>ied by ventricles or other CSF 

I 10 conduits which then impinge on brain tissues. One cause of hydrocephalus is 

u 

Q hemorrhage. Following a hemonhage, a blood clot may form and block a CSF 

m 

□ conduit, thereby leading to obstructive hydrocephalus. If untreated, this 

P blockage may quickly lead to death &om excessive intracranial pressure. 

Obstructive hydrocephalus is commonly treated by draining fluid from 
15 the cerebral ventricles or spinal canal. There are several problems with the 
current management of obstructive hydrocephalus. First, there is no evidence 
that temporary external ventricular drainage utilizing the current 
ventriculostomy catheters speeds clot resolution. Indeed, there is some 
evidence that external ventricular drainage may retard blockage resolution due 
20 to intraventricular hemorrhage or other blocking event It is clear that external 
ventricular drainage must be maintained until the clot occluding the CSF 
conduits is resolved. Furthermore, external ventricular drainage alone is often 
inadequate therapy for obstructive hydrocephalus. 
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There is a continuing need for efiFective treatment of obstructive 
hydrocephalus and in particular, obstructions following intraventricular 
hemorrhage events. 

Summary of the Inventfon 

A method of reducing CSF flow obstruction using a clot-reducing agent 
is provided. In particular, a clot-reducing agent is used to reduce obstructive 
hydrocephalus. 

An invmtive method includes a step wherein a therapeutic dose of a 
clot-reducing agent is introduced into CSF, Preferred agents include a 
plasminogen activator and a defibrinogenic molecule. A particularly preferred 
agent is a defibrinogenic molecule such as ancrod. A method of the present 
invention further includes a step of maintaining a therapeutic amount within the 
subject for an amount of time sufiBcient to reduce CSF flow obstruction. 

A preferred method of administration of a clot-reducing agent to the 
CSF is by intraventricular or intrathecal catheter. Particularly preferred is 
administration by the catheter described in International Application 
PCT/USOO/05740 which is incorporated herein by reference. 

The present invention provides a kit containing a clot-reducing agent 
and any reagents or components necessary for the administration of the 
compounds, togetiier with instructions for use of the kit. The kit optionally 
contains a catheter for delivery of the clot-reducing agent to the CSF of a 
subject 
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Detailed Description of the Invention 

CSF is produced by the choroid plexus and flows through lateral 
ventricles, the foramen of Monro, the third ventricle, the aqueduct of Sylvius, 
the fourth ventricle, the subarachnoid spaces and to the arachnoid villi of the 
superior sagittal sinus. The arachnoid villi in the superior sagittal sinus are the 
primaiy site of CSF absorption into the venous bloodstream. If any of the 
above-mentioned spaces through which the CSF flows is occluded by a clot, 
for example after a hemorrhage into a ventricle, CSF reabsorption may be 
impeded and hydrocephalus results, 

A blood clot can form when the coagulation cascade is activated in 
response to hemorrhage. The major components of a blood clot include fibrin 
and platelets. In one step of the coagulation cascade, fibrinogen is activated to 
form fibrin. Inactive fibrinogen is composed of polypeptide pairs designated 
a, P, and y which are linked via disulfide bonds. Thrombin-mediated 
hydrolysis of fibrinogen produces fibrin monomers that can aggregate to form a 
fibrin clot The clot is fiuHier crosslinked by factor XEUa, a transglutaminase, 
and aggregations of platelets and other factors form part of the clot mass. 
Platelet aggregation is typically mediated through a conformational change in a 
glycoprotein (GP) nb/nia receptor. 

Vascular obstruction can also be caused by blockage known as a 
thrombus. A thrombus is usually formed in absence of blood vessel roptuxe, 
for instance in response plaque rupture. As used herein, the term "clot" refers 
both to the blood coagulation typically referred to as a clot and to a thrombus. 
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The term "clot-reducing agraf * as used herein is intended to mean an 
agent that decreases obstructive hydrocephalus. For example, a clot-reducing 
agent may decrease obstruction by reducing an existing clot via stimulation, 
direct or indirect, of clot lysis. A clot-reducing agent may further decrease 
obstruction by disfavoring clot formation. 

Clots are degraded in the body by a process involving action of 
endogenous fibrinolytic clot-reducing agents. Typically, a serine protease, 
plasmin, which must be converted from its inactive fom, plasminogen, is 
responsible for digesting fibrin and thereby reducing clots. Exogenous 
fibrinoljrtic clot-reducing agents, natural and synthetic, may be administered to 
an individual to stimulate clot degradation. For example, a plasminogen 
activator may be administered as a clot-reducing agent. Plasminogen activators 
illustratively include tissue plasminogen activator (tPA) and its recombinant 
variants known in the art such as alteplase, reteplase, saruplase, tenecteplase 
(TNK-ase) and lanoteplase described in Ross, Clinical Cardiology, 1999, 
22:165. Plasminogen activators also include streptokinase, staphylokinase, 
urokinase, pro-urokinase and bat-PA. Plasminogen activators differ in the 
mechanism of their effect on plasminogen. For exanq>le, as described in 
Tsikouris and Tsikouris, alteplase, reteplase and tenect^lase directly cleave 
plasminogen to plasmin. However, streptokinase induces conformational 
changes in plasminogen that results in its having plasmin-like activity without 
cleavage. (Tsikouris, JP, Tsikouris, AP, A review of available fibrin-specific 
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thrombolytic agents used in acute myocardial infarction. Pharmacother^y 
2001:21(2):207-217.) 

A clot-reducing agent also includes a molecule that disfavors clot 
formation, such as an anticoagulant and a platelet inhibitor. A classic 
5 anticoagulant is a thrombin inhibitor. Thrombin usually cleaves fibrinogen to 
yield fibrin which may then be incorporated into a clot. Thrombin also 
activates various factors involved in clot formation, such as conversion of 
factor V to Va, factor Vm to VlUa, factor Xm to Xnia and activation of 
platelets. Thus, inhibition of thrombin, either directly or indirectly, inhibits 

10 clot formation. Examples of thrombin inhibitors include the coumarin 
derivatives bishydroxycoumarin (Dicumarol) and warfarin (Coumadin); 
thrombate and lepirudin. Further inhibitors include himdin, bivalimdin, 
melagatran and H376/95. Argatroban, a synthetic arginine derivative that acts 
as a direct thrombin inhibitor, also known as Novastan®, Texas Biotechnology 

15 Corp, is particularly preferred clot-reducing agent in a method of the present 
invention. Further information on argatroban and related agents, such as 
efegatran, inogatran and napsagatran, may be found in Swan, S.K. and 
Hursting, M.J., The Pharmacokinetics and Pharmacodynamics of Argatroban: 
Effects of Age, Gender, and Hepatic or Renal Dysfunction, Pharmacotherapy, 

20 20(3):318-329, 2000; Hauptmann J„ Pharmacokinetics of an Emerging New 
Class of Anticoagulant/Antithrombotic Drugs. A Review of Small-Molecule 
Thrombin Inhibitors, Eur J Clin Pharmacol, 57(1 1):751-8, 2002. 



5 



UAB-20818/22 
2041 Igs 



Further examples of clot-reducing agents are found in Colman RW, 
Hirsh J, Marder VJ, Salzman EW, eds. Hemostasis and Thrombosis: Basic 
Principles and Clinical Practice. 3rd ed. Philadelphia, Pa: JB Lippincott Co; 
1994:1638-1660; Hirsh, L New Anticoagulants. Am. Heart L 2001: 142(2):s3- 
s8 and Tsikouris, JP, Tsikouris, AP, A review of available fibrin-specific 
thrombol3^c agents used in acute myocardial in&rction. Phaimacother^y 
2001:21(2):207-217. 

A number of toxins produced by reptiles have been found to have 
effects on coagulation in humans and other mammals. A subset of these 
decrease coagulation and are therefore clot-reducing agents. 

Clot reduction is fiirther achieved by administration of an agent that 
inhibits clot fomiation by inhibiting production of clot forming components. 
For instance, fibrinogen may be effectively decreased in the plasma, making it 
unavailable as a source for fibrin. Such a clot-reducing agent is referred to as 
defibrinogenic. Examples of such defibrinogenic clot-reducing agents are 
included in a subset of reptile venoms that include clot-reducing agents that are 
defibrogenic agents. These include calobin I, calobin n, batroxobin, gyroxin, 
acutin, Venzyme, asperase, reptilase, botropase, defibrase, crotalase, 
flavoxobin and gabonase. Further examples of reptile toxins that are clot 
reducing agents are found in the references: Pirkle, H. and L Theodor: 
Thrombin-like enzymes, in **Snake Venom Enzymes," G.S. Bailey (ed.), 
Alaken, Inc., Fort CoUins, CO, 1998; Snake Venom Fibrinogenolytic and 
Fibrinolytic Enzymes: An Updated Inventory, F. S. MarUand, Jr., Thrombosis, 
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March 1998; Thrombin-like Enzymes from Snake Venoms: An Updated 
Inventory, H. Pirkle, Thrombosis, March 1998, as well as in H, Pirkle, K. 
Stocker, Thrombin-like enzymes from snake venoms: an inventory. For the 
Subcoramittee on Nomenclature of Exogenous Hemostatic Factors of tiie 
Scientific and Standardization Committee of the Intemational Society on 
Thrombosis and HaCTOiostasis. Thrombosis and Haemostasis, 6S(4):444-450, 
1991 and H. Pirkle, Thrombin-like venom enzymes: structure and function. 
Adv. Exp. Med. Biol. 281:165-175, 1990. 

Clot-reducing agents are produced in numerous species of snake 
including Agkistrodon acutus, Agkistrodon contortrix contortrix, Agkistrodon 
halys pallas, Bothrops asper, Botbrops insularis, Bothrops jararaca, Lachesis 
muta muta, Crotalus adamanteus, Bothrops atrox, Bothrops moojeni, Bothrops 
marajoensis, Bothrops maranhao, Botbrops asper, Bothrops pradoi, Crotalus 
atrox, Crotalus durissus terrificus, Tiimeresurus flavoviridis, Trimeresurus 
gramineus. Viper a^is, Viper berus, Denisonia superba, Notechis scutatus, 
Bitis gabonica and Pseudechis porphyriacus. In addition, synflietic versions of 
venom clot-reducing agents such as recombinant versions and mutant variants 
thereof are preferred in an inventive method. Venoms from other reptiles are 
useful as clot-reducing agents where an effect on coagulation is shown using 
standard coagulation assays known to those skilled in the art. An example of 
such an assay is detailed in U.S. Patent No. 4,154,656. 

A particularly preferred defibrinogenic snake venom clot-reducing 
agent is ancrod. Ancrod is a protein isolated from the venom of the Malayan 
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pit viper, Calloselasma rhodostoma or Agkistrodon rhodostoma. This protein 
is a glycosylated serine protease that cleaves fibrinogen as described in Wright 
JG and Geroulakos G., Seminars in Vascular Snrg. 1996; 9: 315-328 and m 
Soutar RL, Ginsberg JS. Grit Rev. OncoL HematoL, 1993, 15: 23-33, Ancrod 
may have further actions on molecules of the fibrinolytic pathway that 
contribute to its clot-reducing properties as detailed in Wright and Geroulakos 
(supra). Ancrod is available commercially from Knoll GmbH, Geraiany. 
While not wishing to be bound by theoretical considerations, it has been 
hypothesized that ancrod acts to deorease fibrinogen in the circulation by 
cleavage to yield fibrin monomers that do not form usual fibrin clots due to an 
inabiUty to bind other fibrin monomers. In tins context, ancrod is believed to 
preferentially cleave A-fibrinopeptides rather than B-fibrinopeptides from 
fibrinogen. 

Defibrinogenic agents from reptile venoms are distinct in their 
enzymatic effects on fibrinogen. For example, atroxase, a protease isolated 
from Crotalus atrox cleaves A and B chains from fibrinogen but not the G 
chain. Chillis and Tu, Biochemistry, 1988, 27:4769-77.) In contrast, the 
venom of Naja nigricoUis contains an enzyme that preferentially cleaves the A 
chain of fibrinogen. (Evans, H.J., Biochem. Biophys. Acta, 1984, 802:49-54.) 
Thus, different classes of defibrinogenic agents from venoms are defined by 
tiieir proteolj^c action. Further examples of this classification of venom 
enzymes is found in H. Pirkle, K. Stocker, Thrombin-lDce enemies from snake 
venoms: an inventory. For the Subcommittee on Nomenclature of Exogenous 
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Hemostatic Factors of the Scientific and Standardization Committee of the 
Litemational Society on Thrombosis and Haemostasis. Thrombosis and 
Haemostasis, 65(4):444-450, 1991 and H. Pirkle, Thxombin-like venom 
en2ymes: structure and function. Adv. Exp. Med, Biol. 281 : 165-1 75, 1990. 

In another embodiment of a process of the present invention, 
batroxobin, especially jBrom Bothrops atrox, Bothrops moojeni, Bothrops 
maranhao is a clot-reducing agent 

A clot-reducing agent fiom venom is particularly preferred since only 
small voliraies are required to be administered. Typically, less than one 
milliliter is administered into the cerebral spinal fluid. 

In addition to ib& action of a clot-reducing agent in breaking down a 
clot, a subset of clot-reducing agents acts to reduce clots by preventing clotting 
or preventing further clotting. In Has context, administration of an 
anticoagulant is optionally included in a metiiod to reduce obstructive 
hydrocephalus. An anticoagulant includes low molecular weight heparins such 
as ardeparin, dalteparin, danaparoid and enoxaparin as well as heterogeneous 
heparin having higher molecular weight components, as is known in the art and 
as described in Lane DA, Lindahl U, eds. Heparin: Chemical and Biological 
Properties, Clinical Applications. London^ England: Edward Arnold; 1989. 
The group of clot-reducing agents also includes platelet inhibitors. Platelet 
inhibitors may oppose platelet aggregation at any of a number of steps in the 
clot-forming process including inhibiting of platelet activation and inhibiting 
platelet recruitment Platelet inhibitors block a change in conformation of the 
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GPnb/IIIa receptor that usually occxirs due to the action of thrombin. 
Antagonists include thromboxane A2 synthesis blockers such as aspirin, 
inhibitors of ADP binding such as ticlopidine and clopidogrel, and inhibitors of 
binding to GPHb/nia receptor such as tirofiban and eptifibatide. The 
mechanism of action of some platelet aggregation inhibitors, such as 
dipyridamole, is incompletely characterized, but this does not limit use in a 
method of the present invention. 

It will be recognized by one of skill in the art that neither the 
mechanism by which a clot-reducing agent acts nor the step in the coagulation 
cascade that it affects is limiting in a process of the present invention as long as 
the clot-reducing agent acts to decrease obstructive hydrocephalus. 

It is appreciated that admixiistration of thrombm inhibitors inhibits 
inflammation and that administration of thrombin inhibitors as described herein 
for clot-reduction and reduction of obstructive hydrocephalus will also have 
beneficial anti-inflammatory effects (U.S. Patent 6,232,315). 

Methods of Treatment 

A clot-reducing agent may be introduced into the CSF by routes 
illustratively including intraventricular and intrathecal. The agent is also 
administered systemically, for example intravenously, where the agent passes 
into the CSF. Optionally, an agent or combination of agents is admiiustered 
both into the CSF and into a blood vessel to achieve a syn^gistic effect in the 
treatment of obstructive hydrocephalus. 
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The exact amount of the clot-reducing agent required as a ther^eutic 
dose and the therapeutic amount maintained in fee subject to reduce CSF flow 
obstructian will vary from subject to subject, depending on flie age, weight and 
general condition of the subject, the severity of the condition that is being 
treated, the location and size of the clot, the particular clot-reducing agent or 
combination of agents used, the mode of administration, and the like. An 
appropriate th0Rq)eutic dose and therapeutic amount to be maintamed in the 
subject may be determined by one of ordinary skill in the art using only routine 
experimentation given the teachings herein. For example, a clot-reducing 
agent is administered and the level of the agent in the CSF is monitored by 
periodic withdrawal of CSF and assay for flie agent This is accompHshed by a 
method illustratively including withdrawal of CSF through an intraventricular 
or intrathecal catheter, or by lumbar puncture. In order to determine an 
appropriate period of time sufficient to reduce CSF flow obstraction/ 
obstructive hydrocephalus, a subject is monitored by techniques known to 
those skilled in the art. For example, hnages of an obstructed area are obtained 
by MRI and monitored over time of treatment. Further, levels of an indicator 
of clot lysis are assayed to detemiiae the ext^it of action of the clot-reducing 
agent Other techniques for detennining the extent of obstruction and its 
reduction are known in the art, for example as detailed in Sanders, RC, Clinical 
Sonography: A Practical Guide 3*^ Edition, Lippincott and Squire, IS, 
Novelline, RA; Squire's Fundamentals of Radiology, 1997, Fifth Edition. In 
general, a therapeutic dose is H to 1/1000 of the dose of a clot-redudng agent 
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given systesmically. Preferably, a thers^eutic dose is V4 to 1/500 of the systemic 
dose. More preferably still, a therapeutic dose is 1/6 to 1/250 of the systemic 
dose. 

Exemplary contemplated doses and modes of administration include: 
Ancrod: 2-5 lU (international units) bolus dose q (every) 12 hours for 48 hours 
via micropore filter through a catheter, the catheter is to remain closed for one 
hour not allowing CSF drainage unless the ICP reaches > 20 mm Hg; 
Urokinase: 5000-25000 lU bolus dose q (every) 12 hours for 48 hours, via 
micropore filter through via a catheter, the catheter is to rOTiain closed for one 
hour not allowing CSF drainage unless the ICP reaches > 20 nam Hg. See for 
example Naff et al.; Streptokinase: 100,000 - 250,000 lU m 1-2 cc^ 
Preservative free saline bolus dose q (every) 12 hours for 48 hours, via 
micropore filter through via a catheter, the catheter is to remain closed for one 
hour not allowing CSF drainage unless the ICP reaches > 20 nam Hg; 
Argatroban 175-250 lig (microgram) bolus dose q (every) 12 hours for 48 
hours, via micropore filter through via a catheter, the catheter is to remaia 
closed for one hour not allowing CSF drainage unless the ICP reaches > 20 mm 
Hg. 

A combination of clot-reducing agents may be used in a method of the 
present invention and any combination of clot-reducing agents that are 
compatible with each other is administrable to reduce obstructive 
hydrocephalus. In some embodiments, it is preferred to co-administer clot- 
reducing agents having coinplementaiy actions on a clot For example, it may 
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be pref^^able to co-administer a defibrinogeoic agent and a plasminogen 
activator. Co-administration indicates administration to an individual patient 
and delivery of the clot-reducing agents selected may be simultaneous or 
sequential. 

Depending on the intended mode of administration, the clot-reducing 
agent can be in a pharmaceutical composition in the form of solid, semi-solid 
or liquid dosage forms, such as, for example, liquids, or suspensions. The dose 
may be given in unit dosage form suitable for single administration of a precise 
dosage. 

Preferably a clot-reducing agent is given by an intraventricular or 
intrathecal catheter. Administration via this route allows delivery of small 
volimies of a therapeutic agent to the vicinity of the desired action and lessens 
the exposure of other tissues to the drug. A preferred CNS catheter assembly 
includes branches and a main body which defines at least one lumen 
fherethroiigh. The branches and main catheter body are preferably tubular in 
sh^e. The branch includes a proximally disposed opening or port which 
provides access to the lumen. The branch is preferably designed for the 
introduction or delivery of drugs therethrough. The branch can also include a 
connector or adapter disposed directiy adjacent to or about the proximal 
opening or port which allows for the connection or attachment of a fluid 
delivery device, such as a syringe, to the branch for delivery of a fher^eutic 
agent and/or a drug therethrough. Particularly preferred is administration by 
the catheter described in Intemational ^plication PCT/US00/0S740 which is 
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incorporated herein by reference. A catheter is inserted into either the spinal 
canal or a ventricle of the brain in order to remove cerebro^inal fluid (CSF), 
monitor intracranial pressure (ICP), and/or deliver therapeutic agents and/or 
drugs intrathecally and/or intraventricularly, directly into the cerebrospinal 
fluid. 

A therapeutic amount is maintained in the subject by» for example, 
continuous administration by an intraventricular or intrathecal catheter. The 
clot-reducing agent is administered in combination with a pharmaceutically 
acceptable carrier and, in addition, may include other medicinal agents, 
pharmaceutical agents, carriers, or dilutents. By "pharmaceutically acceptable" 
is meant a material that is not biologically or otherwise undesirable, which can 
be administered to an individiial along with the selected clot-reducing agent 
without causing significant undesirable biological effects or interacting in a 
deleterious manner with any of the other components of the pharmaceutical 
composition in which it is contained. 

Compositions suitable for administration of a clot-reducing agent to 
CSF may comprise physiologically acceptable sterile aqueous or non-aqueous 
solutions, dispersions, suspensions or emulsions, and sterile powders for 
reconstitution into sterile administrable solutions or dispersions. Examples of 
suitable aqueous and non-aqueous carriers, diluents, solvents or vehicles 
include water, ethanol, polyols (propyleneglycol, polyethyl©aeglycol, glycerol, 
and Ihe like), suitable mixtures thereof, vegetable oils (such as olive oil) and 
injectable organic esters such as ethyl oleate. Proper fluidity can be 
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maintained, for example, by the use of a coating such as lecithin, by the 
maintenance of the required particle size in the case of dispersions and by the 
use of surfactants. 

These compositions may also contain adjuvants such as preserving, 
wetting, emulsifying, and dispensing agents. Prevention of the action of 
microorganisms can be ensured by various antibacterial and antifungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may 
also be desirable to include isotonic agents, for example sugars, sodiimi 
chloride, and the hke. 

Liquid dosage forms mclude pharmaceutically acceptable emulsions, 
solutions, suspensions, syrups, and elixirs. In addition to the active 
compounds, the liquid dosage forms may contain inert diluents commonly used 
in the art, such as water or other solvents, solubilizing agents and emulsifiers, 
as for example, ethyl alcohol, isopropyl alcohol^ ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol, 1,3-butyleneglycol, 
dimefhylformanude, oils, in particular, cottonseed oil, groundnut oil, com germ 
oil, olive oil, castor oil and sesame oil, glycerol, tetrahydrofurfuryl alcohol, 
polyethyleneglycols and fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Suspensions, in addition to the active compounds, may contain 
suspending agents, as for example, ethoxylated isostearyl alcohols, 
polyoxyethylene sorbitol and sorbitan esters, miarocrystalline cellulose. 
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alumintim metahydroxide, bentonite, agar-agar and tragacanth, or mixtures of 
these substances, and the like. 

The term "phannaceutically acceptable salts, esters, amides, and 
prodrugs" as used herein refers to those carboxylate salts, amino acid addition 
salts, esters, amides, and prodrugs of the clot-reducing agents which are, within 
the scope of sound medical judgment, suitable for use in contact with the 
tissues of patients without undue toxicity, irritation, allergic response, and the 
like, commensurate with a reasonable benefit/risk ratio, and effective for their 
intended use, as well as the zwitterionic forms, where possible, of the 
compounds of the invention. The term "salts" refers to the relatively non-toxic, 
inorganic and organic acid addition salts of compounds of the present 
invention. These salts can be prepared in situ during the final isolation and 
purification of the compounds or by separately reacting the purified compound 
in its firee base form with a suitable organic or inorganic acid and isolating the 
salt thus formed. Representative salts include the hydrobromide, 
hydrochloride, sulfate, bisulfate, nitrate, acetate, oxalate, valerate, oleate, 
palmitate, stearate, laurate, borate, benzoate, lactate, phosphate, tosylate, 
citrate, maleate, fumarate, sucdnate, tartrate, naphfhylate mesylate, 
glucoheptonate, lactobionate, methane sulphonate and laurylsulphonate salts, 
and the like. These may include cations based on Hie alkalai and alkaline earth 
metals, such as sodium, lithium, potassium, calcium, magnesium, and the like, 
as well as non-toxic ammonium, quaternary ammonium and amine cations 
including, but not limited to anmioiuum, tetramethylammonium. 
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tetraethylammoBium, methylamine, dimethylamine, trimethylamine, 
triethylamine, ethylamine, and the like. (See, for example, SM. Berge, et al., 
"Pharmaceutical Salts," J. Pharm. Set, 1977; 66:1-19 which is incorporated 
herein by reference.) 

.The term "prodrug" refers to compounds that are rapidly transformed in 
vivo to yield the parent compound of the above formula, for example, by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V, 
Stella, 'Tro-drags as Novel Delivery Systems," Vol. 14 of the A.C.S. 
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward 
B. Roche, American Pharmaceutical Association and Pergamon Press, 1987, 
both of which are incoiporated herein by reference. 

A clot-reducing agent is administered to a patient at appropriate dosage 
levels for reducing CSF flow obstruction due to obstructive hydrocqphalus. 
The dosage depends on a number of factors including the requirements of the 
patient, the severity of the condition being treated, and the pharmacological 
activity of the compound being used. In general, the dosage to reduce CSF 
flow obstruction will be under one-eighth of the dose introduced into the 
venous or arterial systCTi for reduction of acute clotting in a blood vessel. The 
determination of optimum dosages for a particular patient is well known to 
those skilled in the art. 

The present iavention provides a kit contaiaing a clot-reducing agent 
and including any reagents or components necessary for the administration of 
the compounds, together with instructions for use of the kit The kit optionally 
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includes a cathetear for delivery of the clot-reducing agent to the CSF of a 
subject. A preferred catheter for inclusion in a kit is described herein and in 
Intemational Application PCT/USOO/05740. 
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Any patents or publications mentioned in this specification are 
indicative of the levels of those skilled in the art to which the invention 
pertains. These patents and publications are herein incorporated by reference 
to the same extent as if each individual publication was sfpecifically and 
individually indicated to be incorporated by reference. 

One skilled in the art will readily appreciate that the present invention is 
well adapted to carry out the objects and obtain the ends and advantages 
mentioned, as well as those inherent therein. The present methods, procedures, 
treatments, molecules, apparatus and specific compounds described herein are 
presently representative of preferred embodiments, are exemplary, and are not 
intended as limitations on the scope of the invention. Changes therein and 
other uses will occur to those skilled in the art which are encompassed within 
the spirit of the invention as defined by the scope of the claims. 
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Claims 

1 1 . A process of reducing CSF flow obstruction comprising: 

2 administering a therapeutic dose of a clot-reducing agent to a subject 

3 having obstructive hydrocephalus; and 

4 maintaining a therapeutic amount of the clot-reducing agent within the 

5 subject for a period of time suflScient to reduce CSF flow obstruction. 



□ 1 2. The process of claim 1 wherein the administering is by catheter. 

Ul 

m 

^ 1 3. The process of claim 1 wherem the administering is by 



2 intrathecal catheter. 



G 

m 
□ 

(y 1 4. The process of claim 1 wherein the administering is by 

6 

ry 2 intraventricular catheter. 



1 5. The process of claim 1 wherein the administering is by 

2 injection. 

1 6. The process of claim 1 whereui the clot-reducing agent is 

2 selected from the group consisting of: a plasminogen activator, a 

3 defibrinogenic agent, an anticoagulant a platelet inhibitor and a combination 

4 thereof 
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7. The process of claim 6 wherein the plasminogen activator is 
selected from the group consistmg of: alteplase, reteplase. samplase, 
tenecteplase, lanoteplase, bat-PA, a combination thereof a fimctional fragment 
thereof, a pharmacologically acceptable salt, ester, amide, or prodrug thereof. 

8. The process of claim 6 wherein the plasminogen activator is 
selected from the group consistmg of: tissue plasminogen activator, a 
fimctional fragment thereof a pharmacologically acceptable salt, ester, amide, 
or prodrug thereof 

9. The process of claim 6 wherem the plasminogen activator is 
selected from the groiq> consisting of: streptokinase and staphyloldnase, a 
combiiiation thereof, a functional fragment thereof, a pharmacologically 
acceptable salt, ester, amide, or prodrug thereof. 

10. The process of claim 6 wherein the plasminogen activator is 
selected from the group consisting of: urokinase and pro-uroMnase, a 
combination thereof, a functional fiagmait thereof a pharmacologically 
acceptaible salt, ester, amide, or prodrug thereof. 

11. The process of claim 6 yvberem the defibrinogenic agent is a 
natural or synthetic rqjtUe peptide, a combination thereof a functional 
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3 jfragment thereof, a phaxmacologlcally accq>table salt, ester, amide, or prodrug 

4 thereof. 

1. 12. The process of claim 11 wherein the reptile peptide is a snake 

2 venom enzyme, a functional fragment thereof, a pharmacologically acceptable 

3 salt, ester, amide, or prodrug thereof. 



m 

Q I 13. The process of claim 11 wh^ein the snake venom enzyme is 

^ 2 selected from the group consisting of calobin I, calobin U, gyroxin, acutin, 

!y 3 venzyme, asperase, reptilase, botropase, defibrase, crotalase, flavoxobin, 

UJ 

xi 4 gabonase, hannahpep, a combination thereof a functional fragment thereof a 

131 5 phamiacologically acceptable salt, ester, amide, or prodrug thereof. 

Q 

1 14. The process of claim 6 wherein the defibrinogenic agent is 

2 aucrod, a functional fragment thereof, a pharmacologically acceptable salt, 

3 ester, amide, or prodrug thereof 



1 15. Hie process of claim 6 wherem the defibrinogenic agent is 

2 batroxobm, a functional fragment thereof, a phannacologically acceptable salt, 

3 ester, amide, or prodrug thereof. 



I 
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1 16. The process of claim 6 wherein the defibiinogenic agent is 

2 argatroban, a functional fragment thereof, a pharmacologically acceptable salt, 

3 ester, amide, or prodrug thereof. 

1 17. The process of claim 6 wherein the defibrinogenic agent is 

2 str^tokinase, a functional fragment fhereo:^ a pharmacologically acceptable 

3 salt, ester, amide, or prodrug thereof. 

CP 
Q 

la 

^0 I The process of claim 6 wherein the anticoagulant is selected 

2 from the group consisting of: heparin, a thrombin inhibitor and a combination 

W 

,5 3 thereof. 

Q 

m 
a 

W 1 19. The process of claim 18 wherein the thrombin inhibitor is 

□ 

2 selected from the group consisting of: a coumarin derivative, tibrombate, 

3 lepirudin, hiradin, bivalirudan, melagatran and H376/95 . 

1 20. The process of claim 18 wherein the thrombin inhibitor is 

2 



1 21. The process of claim 6 wherein the anticoagulant is a low 

2 molecular weight heparin. 
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22. The process of claim 6 wherein the platelet inhibitor is a 
GPnb/DIa antagonist. 

23. The process of claim 6 wherein tfie platelet inhibitor inhibits 
thromboxane A2 synthesis. 

24. The process of claim 6 wherein the platelet inhibitor is aspirin, a 
pharmacologically acceptable salt, ester, amide, or prodrug thereof. 

25. The process of claim 6 wherein the platelet inhibitor is selected 
from the group consisting of: ticlopidine and clopidogrel. 

26. The process of claim 6 wherein the platelet inhibitor is selected 
from the group consisting of: tirofiban and eptifibatide. 

27. The process of claim 6 wherein flie platelet inhibitor is 
dipyridamole. 

28. A process of reducing CSF flow obstruction con^smg: 
administering a therapeutic dose of a clot-reducing agent comprising 

ancrod to a subject having obstructive hydrocqphalus; and 
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maintaining a therapeutic amount of the clot-reducing agent comprising 
ancrod within the subject for a period of time sufficient to reduce CSF flow 
obstruction. 

29. A process of reducing CSF flow obstruction comprising: 
administering a ther^eutic dose of a clot-reducing agent comprising 

batroxobin to a subject having obstructive hydrocephalus; and 

maintaining a therapeutic amount of the clot-reducing agent comprising 
batroxobin within the subject for a period of time sufiBcient to reduce CSF flow 
obstruction. 

30. A conmidcial kit for reducing obstmctive hydrocephalus 
comprising: 

a clot-reduciag agent; and 

instructions for use in reducing obstructive hydrocephalus. 

3 1 . The couMnercial kit of claim 28 furthw comprishig a catheter for 
delivery of the clot-reducing agent to the CSF of a subject 

32. The commercial kit of claim 28 wherein the clot-reducing agent 
is selected from the group consisting of: a plasminogen activator, a 
defibrinogenic agents an anticoagulant* a platelet inhibitor and a combination 
thereof. 
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33. The commercial kit of claim 30 wherein the plasminogen 
activator is selected from the group consisting of: tissue plasminogen activator, 
alteplase, reteplase, saraplase, tenecteplase, lanoteplase, streptokinase, 
staphylokinase , urokinase, pro-urokinase and bat-PA. 

34. The process of claim 28 wherein the anticoagulant is selected 
from the group consisting of; heparin, a thrombin inhibitor and a platelet 
inhibitor. 

The commercial kit of claim 28 wherein the clot-reducing agent 

The commercial kit of claim 28 wherein the clot-reducing agent 

The commercial kit of claim 28 wherein the clot-reducing agent 
is argatroban. 

38. The commercial kit of claim 28 wherein the clot-reducing agent 
is streptokinase. 

39. The commercial kit of claim 28 wherein the clot-reducing agent 
is urokinase. 



35. 

is ancrod. 
36. 

is batroxobin 
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40. A process of reducing CSF flow obstruction substantially as 
described herein. 

41. A conunerdal kit for reducing obstructive hydrocq>halus 
substantially as described herein. 

42. A process of clot-reducing agent delivery substantially as 
described herein. 
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